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EXECUTIVE SUMMARY

The National Ocean Service’s (NOS) San Francisco Bay Operational Forecast System
(SFBOFS) has been developed using the FVCOM (Finite Volume Coastal Ocean Model) three-
dimensional hydrodynamic model (Chen et al., 2006c). The domain for this new system extends
from the offshore region through the entrance to San Francisco Bay and contains the entire
South, Central, and North Bays, San Pablo Bay, Carquinez Strait, and Suisun Bay. It further
extends to Rio Vista, California, on the Sacramento River and to Antioch, California, on the San
Joaquin River in the Delta. For purpose of this report, the Delta area refers to the area shown in
Figure 2.1. The system is run on the National Centers for Environmental Prediction (NCEP)
supercomputers based on a recently developed High Performance Computing Coastal Ocean
Modeling Framework (COMF-HPC) (Zhang et al., 2010) to allow four times daily 6-hour
nowcasts and 48-hour forecasts.

Initial FVCOM tidal simulation results using a net heat flux algorithm are presented for 1-15
April 1979. Next, FVCOM modifications to enable bulk heat flux computation, a reduced
minimum depth, and restart are discussed. Tidal and hindcast simulations for April — May 1979
and September — October 1980 are presented using these modifications. In an effort to further
improve the results, additional experiments considering revised offshore tidal constituents,
revised bottom roughness zone values, and revised stage versus flow boundary conditions are
presented for 1-15 April 1979 tidal simulations. Upon further improvement of the modeled tidal
dynamics as a result of these experiments, a 19-month tidal simulation as well as a 19-month
hindcast were performed and are discussed. Next, the construction of the semi-operational
nowcast/forecast system at NCEP 1is presented. Finally, conclusions are drawn and
recommendations for formal skill assessment and transition to operations are advanced.

The tidal and hindcast simulation skills were evaluated using NOS skill assessment software
(Zhang et al., 2006; Zhang et al. 2010). By comparing with observations, a set of performance
statistics for variables of water level, currents, temperature and salinity was obtained. For
example, some of the statistical parameters included in the NOS skill assessment procedures for
operational forecast systems (Zhang et al., 2010) include Root Mean Square Error (RMSE) and
Central Frequency (CF) for hourly water level records, high and low water levels, and time of
high and low water levels.

The hindcast skill performance of RMSE for four parameters (water level, current magnitude,
temperature, and salinity) is illustrated in Figure 0.1. Most of the skill assessment results show
satisfactory or excellent skill and exceed the NOS criteria, with the exception of a few salinity
RMSEs at several stations located in the upstream river course in the northeast part of the
SFBOFS domain.
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Figure 0.1. RMSEs for four parameters, water level, current magnitude, temperature, and salinity
at stations spatially distributed over the SFBOFS model domain. The variable shapes are circles
(water level), squares (current magnitude), triangles (temperature), and diamonds (salinity), and
the skill range color in the plots are defined as:

RMSE for water levels (m): 0< Green < 0.1; 0.1 < Yellow <0.2; 0.2 <Red

RMSE for currents (m/s): 0 <Green < 0.26; 0.26 < Yellow < 0.4; 0.4 < Red
RMSE for temperature/salinity (OC, PSU): 0 <Green <3; 3 < Yellow <5; 5<Red
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1. INTRODUCTION

The National Ocean Service’s (NOS), Center for Operational Products and Services (CO-OPS),
installed a Physical Oceanographic Real Time System (PORTS) during 1998 to provide
observations of water surface elevation, currents at the PORTS prediction depth (4.7m below
MLLW), near-surface and near-bottom temperature and salinity, and meteorological information
at the locations shown in Figure 1.1. A sample PORTS screen capture is shown in Figure 1.2. To
complement the PORTS, a new next generation nowcast/forecast system consistent with NOS
procedures (NOS, 1999) has been developed as outlined in Aikman et al. (2008). This
nowcast/forecast system is based on the Finite Volume Coastal Ocean Model (FVCOM) (Chen
et al. (2003; 2006a; 2006b; 2006¢) using a computational domain which extends from Rio Vista,
on the Sacramento River and Antioch on the San Joaquin River through Suisun and San Pablo
Bays and Upper and Lower San Francisco Bay out onto the continental shelf. Both tidal and
complete meteorologically forced simulations will be performed and the results will be skill
assessed using the NOS standard skill assessment software (Hess et al., 2003; Gross et al., 2006;
Zhang et al., 2006; Zhang et al., 2010). Upon completion of this skill assessment, an
experimental nowcast/forecast system will be constructed using the Coastal Ocean Modeling
Framework for High Performance Computing (COMF-HPC) as described by Zhang et al. (2006;
2010) and exercised on a daily quasi-operational basis at the National Centers for Environmental
Prediction (NCEP). This experimental nowcast/forecast system will then be run in semi-
operational mode for further evaluation over a period of 3-6 months prior to official operational
implementation, which will provide four times daily 6-hour nowcasts and 48 hour forecasts.

The nowcast/forecast system was developed and validated using data from the joint NOS and
U.S. Geological Survey (USGS) 1979-1980 San Francisco Bay Circulation Survey (Welch et al.,
1985). This survey provides additional validation data particularly for currents and density that is
not available within the PORTS. Therefore as a first step, FVCOM was utilized to simulate
several periods within the circulation survey timeframe to further guide the SFBOFS
development.

In Chapter 2, we describe the model development process in terms of grid construction, model
input requirements, and model revisions. In Chapter 3, the tidal calibration is presented. The
initial 1 — 15 April 1979 tidal simulation as well as additional experimental simulations are
presented to study the sensitivity of the tidal response to bottom roughness coefficients and
offshore tidal constituents. An alternate boundary condition for water level in the Sacramento-
San Joaquin River Delta is also considered. The results of the final configuration are presented
for an extended 19-month simulation. In Chapter 4, the initial hindcast simulations are discussed.
Upon further improvement of the model tidal dynamics as a result of the sensitivity analysis,
results from the extended 19-month hindcast are discussed. In Chapter 5, the construction of the
semi-operational nowcast/forecast system at NCEP is presented. In Chapter 6, conclusions are
drawn and recommendations for formal skill assessment and transition to operations are
advanced. Two additional appendices are used to discuss the SMS grid generation and simulation
animation processes.
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San Francisco Bay PORTS, NOAA/NOS 2012-09-06 08:20 PDT
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—————————————————————————————————————— Waveg-——————————————— — —————————————
Station SigHt PkDir PkPer Station SigHt PkDir PkPer
S5an Francisco Bar #uk fr ®EROT ®E% g

#%% Data not displayed as a result of guality control monitoring. For information on
mi=z=ing data, go to https://corms.nos.noaa.gov/instrument status.html or call (301) T713-2540.

Figure 1.2 Text-based San Francisco Bay PORTS forecast (screen capture from September 6,
2012 8:20 PDT).






2. HYDRODYNAMIC MODEL DEVELOPMENT

To support the selection of FVCOM, we first review previous and current modeling studies. Next the
construction of the forecast model is discussed in terms of grid development of the hydrodynamic
regimes in two separate regions: 1) San Francisco Bay and the near shelf, and 2) an offshore
region to include the National Marine Sanctuaries. The specification of the upstream boundary
conditions at the Delta is considered in terms of both flow and water surface elevation
specification. The offshore boundary conditions are then discussed, followed by a description of
the initial and forcing conditions. We next discuss plans for the pre-operational validation in
terms of the tidal calibration of bottom roughness and adjustment of the open boundary
conditions. We inventory available water level, current, and density validation stations. Next, the
post-operational validation strategy using the NOS 2012-2013 current survey measurements is
considered. Finally, model revisions required to complete the study are presented.

2.1 Review of Previous and Current Modeling Studies

Two- and three-dimensional models have been applied extensively to numerically investigate the
circulation in San Francisco Bay. Barnard et al. (2006; 2007; 2009) report the existence of sand
waves with heights on the order of 2 meters at the entrance of the Bay and consider coastal
process evolution and the numerical prediction of severe storms on the coastline initially using
the two-dimensional vertically integrated mode of the Delft3D-FLOW model (Delft Hydraulics,
2007). Uslu et al. (2010) have developed a very high resolution two-dimensional vertically
integrated tsunami forecast model. Cheng and Smith (1998) have employed the two-dimensional
depth-averaged model TRIM2D (Casulli, 1990) in the San Francisco Bay Marine Nowcast
System with real-time nowcast model results made available for download. The TRIM3D model
(Casulli and Cattani, 1994) has been most recently applied by Gross et al. (2010) to the entire
San Francisco Bay. The UnTRIM model (Casulli and Walters, 2000), which is the unstructured
version of TRIM3D has also been applied to San Francisco Bay by MacWilliams and Cheng
(2006). Fringer et al. (2006) developed the non-hydrostatic option SUNTANS model patterned
after UnTRIM. SUNTANS has also been applied in San Francisco Bay by Chua and Fringer
(2011).With the recent evolution toward application of unstructured grid models in San
Francisco Bay, the Finite Volume Coastal Ocean Model (FVCOM) developed by Chen et al.
(2003; 2006a; 2006b; 2006c) has been selected for the NOS Nowcast/Forecast System
hydrodynamic model component.

Here we characterize the application of these three-dimensional models to San Francisco Bay. In
Table 2.1 we note the major application features and consider the validation characteristics in
Table 2.2. As the last row in Tables 2.1 and 2.2, we contrast the NOS San Francisco Bay Model
characteristics.



Table 2.1. Characteristics of 3D Model Applications to San Francisco Bay. Note H and V denote
horizontal and vertical resolution. W/D corresponds to wetting/drying, OBL corresponds to open
ocean boundary distance from the coastline, DBC corresponds to Delta boundary condition with
(Q,WL)=(Flow, Water level) specification, and Inflow notes the additional inflows with STP
being sewage treatment plant.

Model Reference Resolution W/D | OBL | DBC Inflow
TRIM3D | Gross et al. H:200m Yes 22km | Q- 5 Rivers
(2010) V:im Limited | 3 STP
False
Deltas
SI3D Zameni et al. | H:500m No 17km | WL-No | None
(2010) V:i2m False
Deltas
UnTRIM | MacWilliams H:25-5000m | Yes 17km | WL-No | None
and Cheng | V:(1m) False
(2006) Deltas
UnTRIM | MacWilliams et | H:50-400m | Yes 17km | Q- 4 Rivers
al. (2007) V:(1m) Limited | 1 STP
False
Deltas
UnTRIM | MacWilliams et | H:10-1000m | Yes 40km | Q-Delta | 4 Rivers
al. (2008) V:1Im Included | 1 STP
SUNTANS | Chua and | H:50-200m | Yes 40km | Q-False | 2 Rivers
Fringer (2011) | V:0.27-82m Pt Deltas
Reyes
FVCOM | Chen et al. | H:50-2000m | Yes 40km | Q-No 5 Rivers
(2003) V: 20 Pt False
c levels Reyes | Deltas




Table 2.1. (Cont.) Characteristics of 3D Model Applications to San Francisco Bay. Note TSP
corresponds to the turbulence closure scheme with vertical and eddy viscosity and diffusivity.
WF corresponds to wind forcing with # s indicating number (#) of met stations used to generate
the windfield. NARR represents the use of the North American Regional Reanalysis as the
windfield. HF corresponds to heat flux and EP corresponds to evaporation/precipitation. BR
corresponds to zy bottom roughness. Note that a dash (‘-’) designates information was not

available in the reference.

Model Reference TSP WF HF | EP BR
TRIM3D | Gross et al. GLS-MY2.5 3s No | Yes | 0.1-2 mm
(2010) V: 10-4 m%/s
SI3D Zameni et al. |- - - - -
(2010)
UnTRIM | MacWilliams Algebraic - - - 0.1-2mm
and Cheng
(2006)
UnTRIM | MacWilliams et | GLS-MY2.5 3s No | Yes |0.1-2mm
al. (2007) V:0.5x10-4 m%/s
UnTRIM | MacWilliams et | GLS-MY2.5 3s No | Yes | 0.1-2 mm
al. (2008) V:0.5x10-4 m%/s
SUNTANS | Chua and | GLS - - - 0.001m-1
Fringer (2010) mm
FVCOM Chen et al.|MY25 NARR | Yes | No 5-30 mm
(2003) V:10-4m*/s




Table 2.2. Validation Characteristics of 3D Model Applications to San Francisco Bay. Note [n,
(u,v),(U,V)] correspond to water surface elevation, East and North horizontal velocity
components, East and North vertically-averaged horizontal velocity components, and S and T
correspond to salinity and temperature. TC corresponds to the tidal calibration period with DC
corresponding to the density validation period. Within the validation metrics, AE denotes
average error, SE denotes the standard error, RMSE denotes the root mean square error, R
denotes the correlation coefficient, AR is the amplitude ratio, and LG is the lag. LR is a linear
regression y=mx+b of model, y, on data, x. Note CF equals central frequency and NOS denotes
NOS standard skill assessment metrics.

Model Reference Variables TC DC Metrics
TRIM3D | Gross et al. n, (W,v), 1/1997- 1/1997- AE,SE,
(2010) (U,V),S 3/1998 3/1998 R’ AR,LG
LR(m,b)
SI3D Zameni et al. | (wv),S 2/17/2008- | 2/3/2008- Graphical
(2010) 2/22/2008 | 3/4/2008
UnTRIM | MacWilliams n, (u,v) 6/1998 9/18/1980- | Graphical
and Cheng 10/18/1980
(2006)
UnTRIM | MacWilliams et | 1, (U,V),S 5/7/2002- 1994 AE,SE,
al. (2007) 7/31/2002 RMSE
UnTRIM | MacWilliams et | 1, (U,V) 2007 1999 R*AR,LG
al. (2008) 2002 ,
LR(m,b)
SUNTANS | Chua and | n, (U,V),S 1/1/2005- 1/14/2005- | RMSE,M
Fringer (2011) 1/30/2005 | 2/14/2005 | E,R
FVCOM Chen et al. |n,(v),S,T |3/-4/1979 3/-4/1979 RMSE,
(2003) 9/-10/1980 | 9/-10/1980 | CF,
NOS

2.2 Model Grid Construction

We first consider the development of the initial grid, which is used in the subsequent
computations and for SFBOFS. Next, the development of two supplemental grids is presented.
The use of these grids in future studies will enable the consideration of inundation (overland
flooding events) and Bay plume dynamics on the adjacent continental shelf. Modifications to the
initial SFBOFS grid to increase numerical stability are finally considered. In each of these grid
systems, a uniform 20-layer sigma level vertical discretization was used.

2.2.1 Initial Grid

The initial grid shown in Figure 2.1 was developed using Surface Water Modeling System
(SMS) Version 10.1 as described by Brigham Young University Surface Modeling Laboratory

8



(2006) and was based on the VDatum grid developed by Xu et al. (2009) for the coastal waters
of North/Central California, Oregon and western Washington. The open boundary of the San
Francisco Bay grid was developed from this grid in the near shelf region external to the Bay. It
was necessary to modify the VDatum grid such that the outer boundary of the San Francisco Bay
grid follows an approximate circular arc with one of the element sides nearly orthogonal to the
boundary arc. The grid then extends through the entrance and includes the South and Central San
Francisco Bay, San Pablo Bay, Carquinez Strait, Suisun Bay, and the Delta entrance region. The
VDatum grid was extended in the Delta entrance region up the Sacramento River to Rio Vista
and up the San Joaquin River past Antioch. The grid contains 102,264 elements and 54,120
nodes with a minimum depth of 0.2m and maximum depth of 106.8m as shown in Figure 2.1 and
Figure 2.2. Hydrographic survey data over the entire grid are shown in Figure 2.3. The model
grid in lower South San Francisco Bay and bathymetry are shown in Figure 2.4 and Figure 2.5,
with the hydrosurvey data coverage shown in Figure 2.6. The model grid in the lower portion of
the San Francisco Bay Delta and bathymetry are shown in Figure 2.7 and Figure 2.8, with the
hydrographic survey data coverage shown in Figure 2.9.

The following element quality checks were used: 1) minimum and maximum interior angles of
10 and 130 degrees, respectively, 2) maximum slope of 0.1, 3) maximum adjacent element area
change ratio of 0.5, and 4) maximum number of elements connected to a node of 8. Note the
slope corresponds to the maximum allowed gradient of the edge length inside the domain. The
slope determines how fast the mesh size will increase toward the middle of the region. A small
slope order 0.1 means small meshes. The paving method was used, which uses an advancing
front technique to fill the polygon with elements. Based on the vertex distribution on the
boundaries, equilateral triangles are created on the interior to define a smaller interior polygon.
Overlapping regions are removed and the process is repeated until the region is filled. Interior
nodal locations are relaxed to create better quality elements.

Sounding datasets were obtained from CSDL’s Cartographic and Geospatial Technology
Programs (CGTP) branch. The sounding datasets were interpolated to both model grids using a
new interpolation program. The program interpolate xyz to mesh.f90 was modified to consider
the Tracer Element Control Volume used in FVCOM in addition to the ADCIRC procedure. In
addition, the bathy2all.f90 program was included in the revised mesh program,
interpolate xyz to mesh fill.f90, to fill in all grid nodes for which no data were available from
the soundings. SMS grid development procedures are documented in Appendix A.



San Francisco
Bay Delta

Figure 2.1. San Francisco Bay model grid.
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Mesh Module elevation

Figure 2.2. San Francisco Bay model bathymetry in meters.
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3

Figure 2.3. San Francisco Bay hydrographic survey data in meters.
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Figure 2.4. SouthSan Francisco Bay Model Grid.
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Figure 2.5. SouthSan Francisco Bay Model Bathymetry in meters.
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Figure 2.6. SouthSan Francisco Bay Hydrographic Survey Data in meters. (ZYANG)
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Mesh Module elevation

Figure 2.8. San Francisco Bay Delta Model Bathymetry in meters.
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Figure 2.9. San Francisco Bay Delta Hydrographic Survey Data in meters.
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2.2.2 Supplemental Grids

Two additional grids were developed for further consideration. An inundation grid shown in
Figure 2.104 was developed by modifying the original grid to include inundation to the 5m mean
high water (MHW) level. The offshore grid shown in Figure 2.11 was developed by extending
the inundation grid to include the offshore regions of the Gulf of the Farallones/Cordell Bank
National Marine Sanctuaries. Sounding datasets were obtained from the Coast Survey
Development Laboratory’s VDatum group and the National Geophysical Data Center (NOS
Hydrographic Survey Data; San Francisco Bay, Californai 1/3 Arc-Second MHW DEM;
Carignan et al., 2010). Water depths and land topography were interpolated to the three grids
using a new interpolation program, which considered the tracer element control volume used in
FVCOM. The program was used to determine nodal values and to fill grid nodes for which no
values were assigned.

2.2.3 Initial Grid Modifications and Computational Resources

While working with the initial grid in consultation with the FVCOM modeling group, several
triangles were adjusted such that the minimum interior angle was at least 30 degrees. In addition,
along the open boundaries, it was necessary to adjust the element topology, such that each
boundary element contained only one boundary side. In addition, the side lengths of several of
the smaller elements were increased to allow a larger external mode time step. Time step limits
were determined in a Subroutine cfl.f, which was added to the bathymetry program. It should be
noted that the above supplemental grids would require similar minimum interior angle
adjustment.

Initial simulations on the original grid, without the inclusion of the river inflows, indicate a ratio
of approximately 60:1 simulation to real time using 256 processors on the NCEP Central
Computing System (CCS). Thus to complete a 54 hour nowcast/forecast cycle, 54 minutes of
CPU time would be required. This computational requirement is near the upper limit of the
present operational time allotment. Therefore under the present resources, SFBOFS will utilize
the original grid.
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Figure 2.10. San Francisco Bay Inundation Grid-5m MHW. Number of elements: 147683;
Number of nodes: 75489; Range of edge lengths (m): 130-1770.
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Figure 2.11. Offshore Inundation Grid -5m MHW. Number of elements: 158380; Number of
nodes: 81065; Range of edge lengths (m): 34-1770.
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2.3 Model Setup

The setup of the three-dimensional hydrodynamic model is discussed in terms of the following
phases: 1) Delta inflow boundary condition specification, 2) open ocean boundary condition
specification, 3) initial condition specification, and 4) surface forcing specification. Each of these
model elements is discussed in turn below.

2.3.1 Delta Inflow Boundary Specification

Two different upstream boundary condition types were considered. In type one, the average daily
flow as reported by the California Department of Natural Resources’ DAYFLOW project
(http://www.water.ca.gov/dayflow/output) were used to specify the flow at Rio Vista (RIO),
while the San Joaquin River flow will be estimated at the total Delta outflow (OUT) minus the
Rio Vista flow (RIO). DAYFLOW average daily flows (note negative flow indicate flow into the
Delta from the Bay) will be used during the hindcast and the nowcast with persistence used
during the forecast. Note one might assign the minimum inflow and the salinity as zero, since
during low flow conditions DAYFLOW estimates may be suspect (Oltmann, 1998).

In type two, the water level surface elevations were specified at Rio Vista and Antioch. To
investigate this boundary condition, flow and stage data were obtained to derive the flow-stage
relationships at the Delta inflow points at Rio Vista Bridge and Antioch based on the
DAYFLOW data. The subtidal stage data obtained from a 30-hr low-pass Fourier filter were
regressed on the DAYFLOW total Delta outflow. The regression coefficients were determined
on a monthly basis over 1990 and exhibited considerable variability from month to month.
Correlation coefficients between regressed and observed subtidal water levels ranged from 0.2 to
0.5. The regression of the subtidal water levels on the flow yielded an improvement of order 1
cm RMSE with respect to the tidal prediction alone. However, the tidal predictions yielded
RMSEs of order 10 cm for each month of 1990. As a result, one might use tidal predictions
during the hindcast, observed stage during the nowcast and tidal predictions plus persisted
subtidal water levels during the forecast. The specification of salinity is more problematic during
period of inflow to the Delta, in which the salinity is not zero.

2.3.2 Open Ocean Boundary Condition Specification

The Oregon State University Tidal Data Inversion, OTIS Regional Tide Solutions (2010) West
Coast tidal data (wc2010 1/30% is used to provide offshore boundary conditions for the M, S,,
Na, Ky, Ky, Oy, Py, and Q) tidal constituents. The NOS harmonically-analyzed Ssa and Sa long
period constituent values at station 941-5020 at Point Reyes, California were used along the
entire open ocean boundary. Four boundary locations were selected; their harmonic constants are
given in Table 2.3. These locations correspond to open ocean nodes 1 (37.959 °N, 123.027°W),
40 (37.814°N, 122.970°W), 59 (37.613°N, 122.763°W), and 91 (37.587°N, 122.526°W),
respectively. For nodes 2 through 39, the tidal signal was computed based on a linear spatial
interpolation from the reconstructed tidal signals at nodes 1 and 40. Similar procedures were
used for the other open ocean boundary nodes. For the specification of stage, additional
harmonic constants were used (Table 3.8) as discussed in Chapter 3.
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Table 2.3 Open Ocean Boundary Signals 1-4 Harmonic Constituents. Note in each cell amplitude
(m) and Greenwich phase in (°) are given. Results are obtained from the Oregon State University
Tidal Data Inversion, OTIS Regional Tide Solutions (2010) West Coast of USA tidal data
(wc2010). Note: Ssa and Sa tidal constituents are based on values at 941-5020, Point Reyes, CA.
Signals 1- 4 were applied at open ocean boundary nodes 1, 40, 59, and 91, respectively.

Constituent Signal 1 Signal 2 Signal 3 Signal 4
M2 0.527 190.8 0.531 189.7 0.554 188.9 0.599 188.2
S2 0.132 197.1 0.131 195.6 0.133193.5 0.141 192.9
N2 0.117 163.7 0.116 162.8 0.117 161.6 0.122 161.0
K1 0.357 220.4 0.354 220.2 0.355218.9 0.355216.9
01 0.220 205.0 0.219 205.0 0.221 203.9 0.220 202.1
Q1 0.039 199.2 0.039 199.0 0.039 198.2 0.039 197.4
Pl 0.110 220.0 0.110219.8 0.110 219.0 0.110218.2
K2 0.037 188.8 0.037 187.4 0.037 184.7 0.039 183.2
SSA 0.029 285.3 0.029 284.6 0.029 283.9 0.029 283.3
SA 0.058 217.6 0.058 217.3 0.058 217.0 0.058 216.6

2.3.3 Initial Condition Specification

The salinity and temperature fields were developed for 1 April 1979 and 1 September 1980 using
the joint NOS and USGS historical circulation survey conductivity-temperature-depth (CTD)
datasets (Welch et al., 1985; Cheng and Gartner, 1984). These datasets were quality controlled
using the methods of Loeper (2006) and Richardson and Schmalz (2006) as discussed in
Richardson and Schmalz (2008). The location of the CTD casts were used to construct a coarse
unstructured triangular mesh, with the nodal points assigned the values of the CTD casts.
Utilizing this coarse grid, each nodal point in the original FVCOM grid was assigned a salinity
and temperature value at the appropriate sigma level depth via an interpolation procedure. The
horizontal interpolation of the vertical profiles was conducted by using a linear interpolation of
the three surrounding nodal profile values of the coarse element in which the FVCOM grid node
was located. A linear vertical interpolation was used to compute the FVCOM sigma level depth
from the horizontally interpolated profile.

2.3.4 Surface Forcing Specification

The North American Regional Reanalysis (NARR, 2007) datasets were used to provide 3- and 6-
hourly values of 10-m winds, sea-level atmospheric pressure, and fluxes of downward shortwave
radiation and net total heat flux. The initial simulations for 1-15 April 1979 employed these two
fluxes at 6-hour intervals and did not consider the bulk flux formulation. All subsequent
simulations employed the 3-hour fluxes and used the bulk flux formulation.

2.4 Model Validation

To validate the SFBOFS setup, the following set of two-month hindcasts were used for April -
23



May 1979 and Sept-Oct 1980 based on the NOS and USGS historical circulation survey data
inventories given in Tables 2.4 and 2.5, respectively. Station locations are shown in Figures 2.12
—2.16.

Table 2.4. NOS and USGS San Francisco Historical Data, April — May 1979, Julian Dates 92 —
152. Refer to Welch et al. (1985), and Cheng and Gartner (1984) for measurement station
locations and depths. Note the asterisk marked stations were added from the USGS survey
datasets. Note no stations in the Delta are available.

Region Salinity Temperature Current

Entrance C-1 C-1 C-1

Mid Bay) C-5,C-17,C-18 C-5, C-17, C-18, C-| C-5, C-17, C-18, C-

323 323

South Bay

San Pablo Bay C-19, C-20, C-22, C-19, C-20, C-22, C-19, C-20, C-22,
C-18*, C-23* C-18*, C-23* C-18*, C-23*

Carquinez Strait C-24, C-24, C-24, C-24,C-24,C-24 C-24,C-24,C-24
C-25%*

Suisun Bay C-25, C-26, C-28, C- | C-25, C-26, C-28, C-25, C-26, C-28, C-
29, C-30, C-31, C-32, | C-29, C-30, C-31, C- | 29, C-30, C-31, C-
C-33 32,C-33 32,C-33

Table 2.5. NOS and USGS San Francisco Historical Data, September — October 1980, Julian
Dates 245-305. Refer to Welch et al. (1985), and Cheng and Gartner (1984) for measurement
station locations and depths. Note the asterisk marked stations were added from the USGS

survey datasets.

Region Salinity Temperature Current
Entrance C-211, C-1, C-1 C-1, C-211, C-1, C-1, | C-1, C-211, C-1, C-
C-1 1, C-1
Mid Bay C-16, C-323, C-215,| C-16, C-323, C-215, | C-16, C-323, C-215,
C-216, C-16, C-215, C-216, C-16, C-323,| C-216, C-16, C-323,
C-216, C-16, C-18, C- | C-215, C-216, C-16, | C-215, C-216, C-16,
211, C-211, C-211 C-18, C-211, C-211, | C-18, C-211, C-16,
C-211 C-211, C-211
South Bay C-13%, C-9* C-10, C-13*, C-9* C-10, C-13*, C-9*
San Pablo Bay C-18, C-316, C-18, C- | C-18, C-316, C-22, C- | C-18, C-316, C-22,

316, C-19, C-316, C-
22, C-23, C-19, C-
316, C-18, C-23,
C315, C-18, C-320

18, C-316, C-19, C-
316, C-22, C-23, C-
19, C-316, C-314, C-
18, C-23, C315, C-18

C-18, C-316, C-19,
C-316, C-22, C-23,
C-19, C-316, C-314,
C-23, C315, C-18,
C-320

Carquinez Strait

C-24, C-317, C-24, C-
24,C-24,C-24

C-24,C-317, C-24, C-
317, C-24, C-317, C-
24, C-24

C-24, C-317, C-24,
C-317, C-24, C-317,
C-24, C-24

Suisun Bay C-26, C32%, C-237* C-26, C32%, C-237* C-26, C32%, C-237*,
C-235%*
Delta C-34 C-34 C-34, C-246
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The initial effort was to organize, recover, and process the historical water level, CT and current,
and CTD data that were collected during the joint NOS and USGS circulation survey of 1979-
1980 (Welch et al., 1985; Cheng and Gartner, 1984). Harmonic analysis results for water levels
at the stations shown in Table 2.6 were obtained from CO-OPS. Water level station locations are
shown in Figures 2.17 — 2.19. The majority of the CTD data were unusable due to time stamp
issues; however, data were available in September and October 1980 (Richardson and Schmalz,
2008). These data were used to check the CT time series data.

Table 2.6. NOS Historical Circulation Survey Water Level Stations. Refer to Welch et al. (1985),
and Cheng and Gartner (1984) for water level station locations.

NOS Station No/ Location Latitude N (D-M-S) | Longitude W (D-M-
S)

941-4317 Pier 22.5, San Francisco, CA | 37 47 24 1222312
941-4290 San Francisco, CA 374824 122 27 54
941-4358 Hunters Point 3743 48 12221 24
941-4392 Oyster Point Marina 373530 122 18 48
941-4458 San Mateo Bridge 37 34 48 122 1512
941-4509 Dumbarton Bridge 373024 122 07 06
941-4575 Coyote Creek 372748 122 01 24
941-4523 Redwood City, CA 373024 122 12 36
941-4750 Alameda, CA 374618 122 17 54
941-4863 Richmond, CA 375542 12224 0
941-5020 Point Reyes, CA 375948 122 58 30
941-5144 Port Chicago, CA 38324 1222 24

Following the techniques described in Richardson and Schmalz (2006), the filter program was
used to remove S and T spikes and limit current directions. Program harml15.f was used to
develop control and data files for the NOS 15 day harmonic analysis program. The 15 day
harmonic analysis script, harm15.sh, was used to perform the harmonic analysis of all current
stations with at least 15 days of data using the methods of Shureman (1958). All 15 day
harmonic analyses of the current data at the stations in Table 2.4 and 2.5 were performed using
the techniques described in Richardson and Schmalz (2006).

To develop initial salinity and temperature conditions on 1 April 1979 and 1 September 1980, the
available CTD and CT time series data were placed on the unstructured grid shown in Figure
2.26. An interpolation program was developed in which each FVCOM grid node was assigned a
given element and the salinity/temperature value interpolated from the node values at the
appropriate depths. This program allows the initial density condition to be developed for the
April-May 1979 and September-October 1980 tidal and hindcast simulations.
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Figure 2.13. NOS Current Meter Stations in South San Francisco Bay.
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Figure 2.14. NOS Current Meter Stations in North San Francisco Bay and San Pablo Bay.
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Figure 2.15. NOS Current Meter Stations in Carquinez Strait and in Suisun Bay.
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Figure 2.16. NOS Current Meter Stations in in the lower Delta.
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Figure 2.17. NOS Water Level Stations in Central and South San Francisco Bay.
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Figure 2.19. NOS Water Level Stations in North and Suisun Bays in San Francisco Bay.
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The bottom roughness, z, was specified as a function of stilled water depth as shown in Table
2.7 after Cheng et al. (1993). A netCDF file was developed to specify the roughness value at the
center of each element based on the average of the nodal still water depths.

Table 2.7. Bottom Roughness Zones.

Roughness Zone Lower Depth Upper Depth Bottom Roughness
Number (m) (m) Zo (mm)
1 0 1 30
2 1 3 20
3 3 10 10
4 10 50 7
5 50 1000 5

Initially, purely tidal simulations were performed to calibrate these bottom roughness values.
Next the set of two-month simulations was extended to include meteorological effects to further
validate the bottom roughness calibration. Model evaluation used NOS standard skill metrics
(Hess et al., 2003) and additional statistics as reported by Schmalz (2011).

The system will then be transferred to the NOS Center for Operational Oceanographic Products
and Services (CO-OPS) to run at NOAA’s National Centers for Environmental Prediction
(NCEP) under the Coastal Ocean Modeling Framework for High Performance Computing
(COMF-HPC) for an extended test period (NOS, 1999). Over the last three months of this test
period, this pre-operational model version will be evaluated using the NOS standard skill
assessment software (Hess et al., 2003; Zhang et al., 2006; Zhang et al., 2010). Upon final
evaluation, the model will be transferred to operational status.
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Figure 2.20. Unstructured Salinity and Temperature Initial Condition Grid, with the appropriate
water level and CT stations assigned. Note it was necessary to assign synthetic CTD profiles to
each station based on CT and CTD data.
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2.5 Post-Operational Model Validation

CO-OPS is conducting a current meter survey in San Francisco Bay during the summers of 2012
and 2013. Approximately 45 stations will be occupied in total for 30-35 days with half of the
stations occupied split between 2012 and 2013 at the locations shown in Figures 2.20-2.25. CTD
profiles will be measured during deployment and retrieval of all current meters, thereby
providing additional density information. SFBOFS will save current and density information at
the final 45 selected stations to enable further model evaluation after the measurements have
been quality controlled. This will enable post-operational validation and further model
improvements.

As an additional source of post-operational model validation data, the following additional
PORTS measurements are listed in priority order.

I. Salinity measurement locations:
PORTS Redwood City

PORTS Alameda

PORTS San Francisco

PORTS Richmond

PORTS Port Chicago

II. Current meter measurement locations from Welch et al. (1985):
C-211, C-6, C-7, C-312, C-13, C-18, C-22, C-24, and C-32

III. New PORTS station for water levels: 941-
4816, 4818, 5056, 5143, 5112, 4358, 4392, 4688, and 4509

IV. Near shelf salinity, temperature, and current measurement locations from Welch et al.
(1985): Station T1

These additional PORTS measurements would need to be implemented over time with the
highest priority being given to the acquisition of salinity information to further validate the
operational model salinity structure within the Bay. The near-shelf measurements will support
the development of the proposed, future NOS West Coast Operational Forecast System
(WCOFS), which would address the cross and along shelf processes described by Marchesiello
et al. (2003) and Penven et al. (2006)

A future WCOFS could be used in addition to Global-RTOFS (Global-RTOFS, NWS,
http://polar.ncep.noaa.gov/global/about) to provide the open ocean boundary conditions for
SFBOFS. During this process the SFBOFS grid will need modification and it will be useful to
further consider the inundation and offshore grids shown in Figures 2.10 and 2.11, respectively.
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Figure 2.21. NOS 2012 Current Survey Locations in the offshore and entrance to San Francisco
Bay.
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Figure 2.24. NOS 2013 Current Survey Locations in North San Francisco and San Pablo Bays.
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Figure 2.25. NOS 2013 Current Survey Locations in Carquinez Strait.
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Figure 2.26. NOS 2013 Current Survey Locations in Suisun Bay and the Delta Entrance.
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2.6 Model Revisions

FVCOM 3.1.6 was used as the initial version. However several additions were made in the
development of SFBOFS. The draft version of the FVCOM 3.1.6 User Manual was reviewed and
provided several insights into running the code. It should be noted that if the
HEATING_CALCULATED_ON options is selected than the AIR PRESSURE ON option must
be selected. While the sea level atmospheric pressure field is needed for the heating calculations,
its gradient does not need to be applied in the momentum equations. In fact for tidal simulations
this is not correct. For tidal simulations with the heat flux calculations selected, it is necessary to
provide a constant sea level atmospheric pressure field (1013 mb). Also if one selects
AIRPRESSURE ON = F in namelist, the flag FLAG 28 = -DAIR PRESSURE in file make.inc
should be commented.

The bottom roughness fix reported by Warner (2012) for wetting/drying was added in file
brough.F. In model testing, with the min_depth as 0.05 m the model ran successfully and works
for the wetting/drying case in San Francisco Bay. A Newtonian damping sponge layer was
implemented by Lettmann (2012), which provides a more robust implementation of the clamped
water level open ocean boundary condition. This formulation was used on both the open ocean
boundary and for the Delta river inflow boundary river stage specification.

In the shallow mud flat regions of the Bay there also was an issue with overheating. As a result,
subroutine vdif ts.F was modified to limit the short wave radiation and total heat flux as a
function of depth. For depths less than 10m the fluxes were set to zero. In this manner, the heat
transfer is due to only advection and diffusion. There the zetal eff and zeta2 eff parameters
which control the attenuation of the short wave radiation are set never to be less than 30% of the
water depth and therefore always allow attenuation

In total, the following routines are involved in the above modifications:

1. fvcom.F, mod ncdio.F, mod _timeseries.F-----air pressure option or heating calculated on
option.

2. brough.F-----bottom roughness with the Warner (2012) wet/dry treatment.

3. advave edge gcn.F, advave edge gcy.F, extuv_edge.F, mod semi implicit.F and
vdif uv.F--- Lettmann (2012) sponge boundary.

4. vdif ts.F and vdif ts gom.F----revised heat flux in shallow water.
All code changes were coordinated with the FVCOM Group at the University of Massachusetts

at Dartmouth. The final version of the code was obtained on 22 July 2012 from the FVCOM
Group.

43



The interaction between the hydrodynamic and the sediment-water interface, particularly in the
shallow water mudflat areas, which occupy some 16% of the Bay surface area, is an area where
further research is needed. Fang and Stefan (1996) considered the dynamics of heat exchange
between the sediment and the bottom boundary layer for several hypothetical lakes. They found
that the direction of the heat transfer reverses frequently on daily timescales as well as following
an overall seasonal cycle based on weather conditions at Minneapolis-St. Paul, Minnesota. Smith
(2002) performed a series of heat budget studies in Indian River Lagoon, Florida, to estimate the
water-sediment heat exchanges using assumed values for conductivity and density. The study
sought to characterize intra-seasonal heat fluxes and temperature changes in the sediment and
overlying estuarine waters.

The bottom stress formulation in shallow water for wetting and drying has received continuing
interest. Research by Xue and Due (2010), Uchiyama (2005), Oey (2005; 2006), and Oey et al.
(2007) has indicated that the bottom drag coefficient must be adjusted if the water depth
approaches the bottom roughness height. How to perform this adjustment is an area for further
consideration. In the present version of FVCOM, the effective water depth used in the bottom
friction formulation is limited to 3m; e.g., when the actual water depth is less than 3m, the depth
used in the bottom friction formulation is set to 3m. We have recently developed a Fortran code,
Program Cdform.f, to compute the bottom drag coefficient as the water depth is reduced using
several different formulations.

The computation of rx0 and rx1 is recommended to provide a measure of bathymetric gradients
to assist in studying the numerical stability. This was done in ROMS but is not done in FVCOM.
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3. TIDAL CALIBRATION

Here we include the salinity and temperature in fully three-dimensional tidal simulations to
enable the prediction of the density structure and the internal tides. Carter et al. (2010) note that
the inclusion of internal tides in a baroclinic model can significantly alter the sea surface height
field as compared to a barotropic model as observed in simulations of Monterey Bay tidal
dynamics (Carter, 2010). In fact, it was necessary to include the salinity and temperature in the
simulation to replicate the tidal dynamics in Monterey Bay.

First we present the results of the initial tidal simulation in Section 3.1. Next we discuss the two
2-month tidal simulations for April — May 1979 in Section 3.2 and September — October 1980 in
Section 3.3. The intent was to consider two different tidal regimes with respect to the longer
period tidal constituents. Additional experimental tidal simulations are then discussed in in
Section 3.4, in an effort to improve the tidal response in the lower South Bay and at Port Chicago
in Suisun Bay. A stage boundary condition specification was used at the Delta, which greatly
improved the tidal response at Port Chicago relative to the flow specification. Using the Delta
stage boundary condition an extended 19-month simulation was performed over the period April
1979 — October 1980 with the results presented in Section 3.5. Finally in Section 3.6, we
summarize results and discuss additional considerations with respect to the simulation of the
tidal dynamics.

3.1 Initial April 1-15, 1979 Tidal Simulation

An initial 15-day baroclinic simulation was performed using 6-hour NARR, downward long
wave radiation and net heat flux. The salinity and temperature offshore boundary condition was
determined by setting the normal gradients to zero. Flows were specified at 21 inflow locations
(with the majority of the inflows from the Sacramento River at Rio Vista and the San Joaquin
River at Antioch) using average daily flows from the California Department of Natural
Resources’ DAYFLOW program as shown in Figure 3.1. Inflows were also specified for the
Napa River, Petaluma River, Guadalupe River, and Coyote Creek using USGS average daily
values. Initial salinity and temperature fields were developed based on CT data collected during
the joint NOS-USGS historical circulation survey. Offshore tidal elevations were developed from
the Oregon State University Tidal Data Inversion, OTIS Regional Tide Solutions (2010) tidal
constituents. The Sa and Ssa constituents were specified using the San Francisco accepted
constants. The net-heat flux and downward short wave radiation using the HEATING ON
option were interpolated to the model grid using bi-linear interpolation from the NARR fields at
6 hour intervals. The sea level atmospheric pressure field was estimated from the surface fields.

Simulation results for water surface elevation and principal component direction currents,
vertically integrated and mid layer (k=10), are compared to harmonic predictions in terms of
RMS error and Willmott et al. (1985) relative error in Tables 3.1 and 3.2, respectively. In
addition model and predicted means with respect to station MLLW are compared as well. In
Figure 3.2 simulated water levels at Port Chicago and Coyote Creek are considered since these
stations are located in Suisun Bay near the Delta and at the southern end of South Bay,
respectively. One notes the simulated water levels are over predicted at Port Chicago and under
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predicted at Coyote Creek. In Figure 3.3 simulated water levels at Point Reyes near the offshore
boundary and at San Francisco are in close agreement with predictions. One notes the spike just
prior to Julian day 96 at Point Reyes. It appears that there is some reflection from the boundary,
where a pure water level specification is employed, despite the fact that a sponge layer is
utilized. In Figures 3.4 and 3.5, points immediately inside the offshore boundary are compared
with predictions at Point Reyes. In Figure 3.5, one notes the spike just prior to Julian day 96. In
Figure 3.6, the simulated water levels are shown immediately inside the inflow boundaries for
the Sacramento and San Joaquin Rivers. Amplitudes are considerably larger than those of the M,
tidal components at both locations. In Figure 3.7, vertically integrated principal component
currents are under predicted at C-1 at the Golden Gate Bridge and are over predicted at C-17 in
mid-Bay.
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Figure 3.1. DAYFLOW inflows for the Sacramento and San Joaquin Rivers 1-15 April 1979.
The flow after Julian Day 102 is negative and is set to zero.
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Table 3.1. Water Surface Elevation Tidal Simulation: April 1-15, 1979. Note model and
predicted means are with respect to station MLLW.

Station RMSE Willmott RE Model mean Predicted mean

(cm) (%) (cm) (cm)

Alameda 13 1 105 102

941-4750

Dumbarton Bridge 23 3 141 135

941-4509

Opyster Point Marina 16 2 116 111

941-4392

Port Chicago 25 7 147 130

941-5144

Point Reyes 9 1 90 88

941-5020

San Francisco 11 1 91 91

941-4290

Pier 22.5 12 1 97 95

941-4317

San Mateo Bridge 18 2 126 121

941-4458

Coyote Creek 25 3 155 150

941-4575
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Table 3.2. Principal Flood Direction Current Speed Tidal Simulation: April 1-15, 1979. Note the
first entry in each cell corresponds to the vertically integrated current, while the second entry
corresponds to the current in mid-level layer k=10.

Station RMSE Willmott Model Predicted mean

(cm/s) RE mean (cm/s)
(%) (cm/s)

C-1 37 50 6 12 6 8 28

GG

C-5 20 26 6 10 -2 10 14

MB

C-17 17 15 3 5 2 8 12

MB

C-18 18 28 3 7 4 15 13

MB

C-19 12 10 4 4 13 8

SPB

C-20 24 27 31 43 33 10

SPB

C-22 30 18 11 6 26 11

SPB

C-23 5 6 3 3 11 5

SPB

C-24 35 33 7 9 3-8 -4

CS

C-25 38 25 13 8 -8 1 7

CS

C-26 37 34 12 11 -7 -3 5

SB

C-28 10 10 8 9 -10 7

SB

C-29 31 30 27 30 42 0

SB

C-30 33 30 29 30 20 0

SB

C-31 17 17 25 25 00 0

SB

C-33 35 36 46 52 10 0

SB
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Figure 3.2. April 1-15, 1979 Initial Tidal Simulation: Coyote Creek and Port Chicago Water
Level Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.3. April 1-15, 1979 Initial Tidal Simulation: Point Reyes and San Francisco Water
Level Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.4. April 1-15, 1979 Initial Tidal Simulation: Sacramento River and San Joaquin River
Inflow Water Levels. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.5. April 1-15, 1979 Initial Tidal Simulation: Boundary Point 1 and 2 Inside Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.6. April 1-15, 1979 Initial Tidal Simulation: Boundary Point 3 and 4 Inside Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.7. April 1-15, 1979 Initial Tidal Simulation: C-1 and C-17 Vertically Integrated

Principal Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al.

(1985

) relative error.
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3.2 April-May 1979 Tidal Simulation

In an effort to improve the heat flux specification, the latent and sensible heat fluxes were
dynamically coupled to the sea surface temperature using the HEATING CALCULATED_ ON
option. The NARR fields were interpolated to the model grid using the Barnes (1963) algorithm
at 3 hour intervals and the sea level atmospheric pressure field was directly used. The downward
radiation and total heat flux were set to zero in the shallow water regions less than 10m in depth.
A revised sponge layer treatment near the open ocean boundary was considered. A zero gradient
temperature and salinity condition was invoked along the open ocean boundary. The Oregon
State University Tidal Data Inversion, OTIS Regional Tide Solutions (2010) harmonic constant
set was used as given in Table 2.3. River inflows were specified as previously discussed in
Section 3.1. The two month simulation was completed in four segments of 15, 15, 15, and 16 day
duration. Each segment required approximately 3.5 CPU hours on the NCEP-CCS using 256
processors.

In Tables 3.3 and 3.4, simulation results for water surface elevation and principal component
direction currents vertically integrated and mid layer (k=10) respectively are compared to
harmonic predictions in terms of RMS error and Willmott et al. (1985) relative error. In addition
model and predicted means with respect to station MLLW are compared as well. In Figures 3.8
and 3.12 simulated water levels at Port Chicago and Coyote Creek are considered since these
stations are located in Suisun Bay near the Delta and at the southern end of South Bay,
respectively. The simulated water levels are overpredicted at Port Chicago and underpredicted at
Coyote Creek. In Figures 3.9 and 3.13 simulated water levels at Point Reyes near the offshore
boundary and at Richmond are considered with simulated water levels in close agreement with
predictions. The spike just prior to Julian day 96 at Point Reyes is no longer present. It appears
that the revised sponge layer improves the water level response. In Figures 3.10 and 3.14
vertically integrated principal component currents are under predicted at C-1 at the Golden Gate
Bridge and over predicted at C-6 in mid-Bay. In Figures 3.11 and 3.15 vertically integrated
principal component currents are over predicted at C-19 in San Pablo Bay and at CS-24 at the
entrance to Carquinez Strait.
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Table 3.3. Water Surface Elevation Tidal Simulation: April- May, 1979. Note there are four
entries in each cell corresponding to the results of the 15 day simulation segments. Model and
predicted means are with respect to station MLLW.

Station RMSE Willmott RE Model mean Predicted mean
(cm) (%) (cm) (cm)

Alameda 10 7 6 7 1000 98 97 96 99 102 100 98 98
941-4750
Dumbarton Bridge 13 10 9 11 1000 132 132 130 134 135 133 132 132
941-4509
Oyster Point Marina 108 79 1000 108 108 106 110 111 109 108 108
941-4392
Port Chicago 20 20 18 21 5444 71 72 69 76 76 74 72 73
941-5144
Point Reyes 8657 1000 86 85 84 87 88 86 86 86
941-5020
San Francisco 9767 1000 87 85 85 88 91 89 88 88
941-4290
Pier 22.5 9656 1000 92 90 90 93 95 93 92 92
941-4317
San Mateo Bridge 107 57 1000 119 118 116 120 121 119 118 118
941-4458
Coyote Creek 18 20 15 20 1111 144 144 142 146 146 144 142 143
941-4575
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Table 3.4. Principal Flood Direction Current Speed Tidal Simulation: April -May, 1979. Note
there are four entries in each row of each cell corresponding to the results of the 15 day
simulation segments. Note the first row in each cell corresponds to the vertically integrated
current, while the second row corresponds to the current in mid-level layer k=10.

Station RMSE Willmott RE Model mean Predicted
(cm/s) (%) (cm/s) mean
(cm/s)
C-1 27 32 29 31 3333 8979 0000
GG 41 48 43 47 7887 911 8 9
C-5 15 16 15 17 3333 0000 0000
MB 25 29 27 30 9 10 10 11 11 11 10 11
C-17 20 20 18 22 5334 3-4-3-4 0000
MB 11 10 10 11 2122 7565
C-18 14 13 12 14 2111 4333 0000
MB 24 22 22 23 4333 15 14 14 14
C-19 13 12 12 13 4233 0110 0000
SPB 8 10 9 10 2223 3434
C-20 14 17 15 17 8998 -1 -1 -1 -1 0000
SPB 17 20 18 20 | 12 13 14 13 0011
C-22 33 32 31 33 11 8 10 9 2-3-1-3 0000
SPB 16 15 15 16 4333 65 65
C-23 6666 3232 1010 0000
SPB 5555 3232 1121
C-24 27 32 27 33 4545 3123 0000
CS 26 36 32 35 69 88 -9 -11 -12 -10
C-25 34 34 32 35 10 8 8 8 -8 -7 -7 -8 0000
CS 18 19 19 20 4 4 4 4 2786
C-26 27 30 27 31 7667 -5 -4 -4-5 0000
SB 25 28 25 28 6667 200 -1
C-28 9999 6454 0000 0000
SB 99910 6566 0000
C-29 26 31 28 31 | 18 19 19 20 3223 0000
SB 26 31 28 32 | 21 22 22 23 2112
C-30 27 32 28 32 | 21 22 22 22 1-101 0000
SB 26 31 28 31 | 24 25 25 25 -1 -2-10
C-31 1517 16 17 | 17 18 18 18 0111 0000
SB 15 18 16 18 | 18 19 19 20 0111
C-33 33 40 35 39 | 41 44 43 44 2011 0000
SB 35 42 37 41 | 50 52 52 54 1001
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Figure 3.8. April 1-15, 1979 Tidal Simulation: Coyote Creek and Port Chicago Water Level
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Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.9. April 1-15, 1979 Tidal Simulation: Point Reyes and San Francisco Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.10. April 1-15, 1979 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal
Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.11. April 1-15, 1979 Tidal Simulation: C-19 and C-24 Vertically Integrated Principal
Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.12. May 15-31, 1979 Tidal Simulation: Coyote Creek and Port Chicago Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.13. May 15-31, 1979 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.14. May 15-31, 1979 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal
Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.15. May 15-31, 1979 Tidal Simulation: C-19 and C-24 Vertically Integrated Principal
Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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3.3 September-October 1980 Simulation

To further test the heat flux and tidal dynamics, the latent and sensible heat fluxes were
dynamically coupled to the sea surface temperature using the HEATING CALCULATED_ ON
option in FVCOM. The NARR fields were interpolated to the model grid using the Barnes
(1963) method at 3 hour intervals and the sea level atmospheric pressure field was directly used.
A revised sponge layer treatment at the open ocean boundary was considered. The downward
radiation and total heat flux were set to zero in the shallow water regions less than 10m in depth.
A zero gradient temperature and salinity condition was invoked along the open ocean boundary.
The Oregon State University Tidal Data Inversion, OTIS Regional Tide Solutions (2010)
harmonic constant set was used as given in Table 2.3. River inflows were specified as previously
discussed in Section 3.1. The two month simulation was completed in four segments of 15, 15,
15, and 16 day duration. Each segment required approximately 3.5 CPU hours on the NCEP-
CCS using 256 processors.

In Tables 3.5 and 3.6, simulation results for water surface elevation and principal component
direction currents vertically integrated and mid layer (k=10) are compared respectively to
harmonic predictions in terms of RMS error and Willmott et al. (1985) relative error. In addition
model and predicted means with respect to station MLLW are compared as well. In Figures 3.16
and 3.20 simulated water levels at Port Chicago and Coyote Creek are considered since these
stations are located in Suisun Bay near the Delta and at the southern end of South Bay,
respectively. The simulated water levels are over predicted at Port Chicago and under predicted
at Coyote Creek. In Figure 3.17 and 3.21 simulated water levels at Point Reyes near the offshore
boundary and at Richmond are considered with simulated water levels in close agreement with
predictions. There are no spikes in water levels using the revised sponge layer. In Figures 3.18
and 3.22 vertically integrated principal component currents are under predicted at C-1 at the
Golden Gate Bridge and over predicted at C-6 in mid-Bay. In Figures 3.19 and 3.23 vertically
integrated principal component currents are over predicted at C-19 in San Pablo Bay and at CS-
24 at the entrance to Carquinez Strait.
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Table 3.5. Water Surface Elevation Tidal Simulation: September-October, 1980. Note there are
four entries in each cell corresponding to the results of the 15 day simulation segments. Model
and predicted means are with respect to station MLLW.

Station RMSE Willmott RE Model mean Predicted mean
(cm) (%) (cm) (cm)

Alameda 8776 0000 109 110 110 107 109 108 107 106
941-4750
Dumbarton Bridge 11 11 8 11 1100 143 144 144 141 143 143 141 141
941-4509
Oyster Point Marina 10 9 8 8 1000 119 120 120 117 120 119 117 116
941-4392
Port Chicago 19 21 20 22 4445 80 84 83 80 82 79 76 74
941-5144
Point Reyes 7565 1000 99 99 99 96 100 100 99 98
941-5020
San Francisco 7575 1010 98 99 99 96 100 99 97 96
941-4290
Pier 22.5 7675 0000 103 104 104 100 104 103 102 101
941-4317
San Mateo Bridge 9865 0000 130 131 130 128 130 129 127 127
941-4458
Coyote Creek 17 17 14 18 1111 155 157 156 154 154 154 152 151
941-4575
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Table 3.6. Principal Flood Direction Current Speed Tidal Simulation: September-October, 1980.
Note there are four entries in each row of each cell corresponding to the results of the 15 day
simulation segments. Note the first row in each cell corresponds to the vertically integrated
current, while the second row corresponds to the current in mid-level layer k=10.

Station RMSE Willmott RE Model mean Predicted
(cm/s) (%) (cm/s) mean
(cm/s)
C-1 26 35 24 36 2323 7888 00000
GG 37 48 36 50 5758 7789
C-5 15 16 14 17 3223 0011 00000
MB 24 28 25 30 8 10 9 11 9 10 11 11
C-17 22 19 21 19 5353 3433 00000
MB 10 9 9 11 2111 3344
C-18 1513 14 14 2111 1223 00000
MB 20 21 21 22 3333 11 13 13 14
C-19 13 11 13 11 4242 1111 00000
SPB 998 10 22272 3434
C-20 1519 14 19 8 10 7 10 -1 -1 -1 -1 00000
SPB 17 21 16 21 11 14 11 14 0000
C-22 32 30 32 30 10 8 117 3322 00000
SPB 17 15 17 14 4342 4455
C-23 7676 3232 0010 00000
SPB 5555 3232 1111
C-24 31 34 30 34 5555 2211 00000
CS 28 38 28 39 696 10 -8 -10 -11 -11
C-25 35 33 35 33 10 7 10 7 -7 -7 -7 -6 00000
CS 21 20 20 23 5455 67910
C-26 29 30 28 31 7777 4 -4 -4 3 00000
SB 27 29 25 30 7767 0012
C-28 10 8 9 9 6464 0000 00000
SB 10 8 9 9 7465 0001
C-29 28 31 27 32 | 20 21 19 21 2221 00000
SB 29 32 27 33 24 24 21 24 -1010
C-30 30 32 28 32 | 25 24 23 23 3-2-1-2 00000
SB 32 34 28 32 36 32 26 28 -8 -6 -4 -4
C-31 16 18 15 18 18 19 17 19 0112 00000
SB 16 18 15 18 19 20 17 19 0111
C-33 34 40 33 41 43 46 41 46 2000 00000
SB 37 42 35 43 58 53 49 54 -4 -10 -1

69



SAN

FRANCISCO BAY TIDAL SIMULATION 941 —4575 COYOTE CR

ELEVATION—MLLW (M)
IND AGRMT

RMS DIFF. = 0.17

[

[
LU
DT

T

[T
L=
L
=TT
{
T

+ PREDICTED

MODEL

-1.0

245.00 2

SAN FRA

46.00 247 .00 248.00 249.00 250.00 251.00 252.00 253.00 254.00 255.00 256.00 257.00 258.00 259.00 260.00
DISCLAIMER— TEST RESULTS NOT FOR OFFICIAL FPURPOSES

TIME (JULIAN DAYS 1980)

NCISCO BAY TIDAL SIMULATION 941 —-5144 PORT CHICAGO
ELEVATION—MLLW (M)
0.19 IND AGRMT

RMS DIFF.

+ PREDICTED

r——

-1.

245.12

B 246.02 247.02 248.00 249.00 250 .00 251.00 252.02 253.00 254.00 255.00 256.00 257.00 258.00 259.00 260.020
DISCLAIMER— TEST RESULTS NOT FOR OFFICIAL PURPOSES

TIME (JULIAN DAYS 1980)
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Figure 3.17. September 1-15, 1980 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.18. September 1-15, 1980 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal
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relative error.
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Figure 3.19. September 1-15, 1980 Tidal Simulation: C-19 and C-24 Vertically
Integrated Principal Current Component Comparisons. Note IND AGRMT equals
one minus Willmott et al. (1985) relative error.
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Figure 3.20. October 15-31 1980 Tidal Simulation: Coyote Creek and Port Chicago
Water Level Comparisons. Note IND AGRMT equals one minus Willmott et al.
(1985) relative error.
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Figure 3.21. October 15-31, 1980 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.22. October 15-31, 1980 Tidal Simulation: C-1 and C-6 Vertically

Integrated Principal Current Component Comparisons. Note IND AGRMT equals
one minus Willmott et al. (1985) relative error.
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Figure 3.23. October 15-31, 1980 Tidal Simulation: C-19 and C-24 Vertically Integrated
Principal Current Component Comparisons. Note IND AGRMT equals one minus
Willmott et al. (1985) relative error.
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3.4 Additional April 1-15, 1979 Tidal Simulation Experiments

As noted in the tidal simulations (Section 3.2 for the April-May 1979 and in Section 3.3 for the
September-October 1980), the simulated water level response at Port Chicago in Suisun Bay is
over predicted. In an effort to reduce the amplitude of the simulated water level response at Port
Chicago, above the entrance to Carquinez Strait and up through the Delta, the bottom friction
was increased using either a constant scale factor or a tapered scale factor as a linear function of
longitude as noted in Table 3.7. The water level response with respect to MLLW at Port
Chicago for experiments 1 and 2 is shown in Figure 3.24 and for experiments 5 and 7 in Figure
3.25. Experiments 3, 4, and 6 were unstable, due to large horizontal gradients in bottom
roughness during the wetting/drying cycle.

Three additional Experiments 8-10 were conducted in which the river stage was reconstructed
from the harmonic constituents given in Table 3.8. Experiment 8 used the Experiment 7 bottom
roughness specification. Experiment 9 included a 20 cm offset for the San Joaquin River and a
22 cm offset for the Sacramento River. In Experiment 10, the offsets were retained with the
original bottom roughness specification. Note in these stage experiments the Oregon State
University Tidal Data Inversion, OTIS Regional Tide Solutions (2010) harmonic analysis results
were reduced by 5% for the four ocean open boundary stations. Note Sa and Ssa harmonic
constituents from San Francisco were used at these stations. The water level response at Port
Chicago with respect to MLLW is shown in Figure 3.26 with the offsets improving the
agreement from 17 cm to 9 cm RMSE. The results for Experiments 9 and 10 were nearly
identical.
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Table 3.7 Delta Inflow Bottom Friction Experiment Summary. The scale factor was used to
multiply bottom roughness in model domain above Carquinez Strait. The tapered scale factor is
ranges from 1 to the full value in a linear fashion from Carquinez Strait to the river inflows based
on longitude. The bottom roughness sets are given in the second table. The HA amplitude
reduction corresponds to reducing the amplitudes of the offshore boundary harmonic constants.

Experiment Scale Factor Bottom Roughness Set | HA Amplitude
Reduction (%)
Expl 2 1 0
Exp2 5 1 0
Exp3 10 tapered 1 0
Exp4 10 1 0
Exp5 5 1 5
Exp6 5 2 10
Exp7 1.2 2 10
Bottom Roughness Zone Set 1 and Set 2.
Roughness Zone Lower Depth Upper Depth Set 1 Bottom Set 2 Bottom
Number (m) (m) Roughness zy | Roughness z
(mm) (mm)
1 0 1 30 40
2 1 3 20 30
3 3 10 10 20
4 10 50 7 17
5 50 1000 5 15
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Table 3.8 River Stage Harmonic Constituents. Note Amp1 and Phasel correspond to Station
941-5064 Antioch, San Joaquin River, CA and Amp2 and Phase2 correspond to Station 941-
5316 Rio Vista, CA.

Constituent Ampl (m) Phasel (°G) | Amp2 (m) Phase2 (°G)
M2 0.400 318.1 0.369 338.5
S2 0.068 325.1 0.066 355.9
N2 0.073 293.6 0.068 304.3
K1 0.231 298.1 0.221 302.5
M4 0.018 166.3 0.026 213.0
o1 0.128 278.5 0.111 294.2
M6 0.015 328.0 0.009 17.3

MK3 0.029 170.0 0.032 199.8
S4 0.002 238.6
MN4 0.006 143.3 0.010 191.8
NU2 0.020 297.3 0.009 333.2
S6
MU2 0.021 129.8 0.020 151.5
2N2 0.006 246.4 0.010 311.7
001 0.006 342.8 0.003 62.5
LAM?2 0.008 300.5 0.014 326.5
S1 0.010 118.2 0.023 267.7
M1 0.004 209.4
J1 0.003 373 0.009 43.6
MM
SSA 0.060 285.0 0.060 285.7
SA
MSF
MF
RHO 0.011 280.5 0.005 287.0
Q1 0.021 290.3 0.016 295.7
T2 0.007 352.4
R2 0.007 65.6
2Q1 0.004 316.4 0.005 315.9
P1 0.068 283.8 0.082 308.1
2SM2 0.005 154.0 0.004 171.2
M3 0.009 258.8 0.010 280.7
L2 0.030 350.5 0.031 355.6
2MK3 0.033 159.2 0.029 191.3
K2 0.029 311.0 0.029 337.0
M8 0.002 251.6
MS4 0.010 193.0 0.012 240.5
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Figure 3.24. Port Chicago Water Level Response for Inflow Experiments 1 and 2. Note IND
AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.25. Port Chicago Water Level Response for Inflow Experiments 5 and 7. Note IND
AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.26. Port Chicago Water Level Response for Stage Experiments 8, 9, and 10. Note IND
AGRMT equals one minus Willmott et al. (1985) relative error.

83



3.5 April 1979 - October 1980 Extended Simulation

Based on the performance of the Experiment 10 stage boundary conditions for the Delta, this
boundary condition was used over the extended 19-month simulation from April 1979 through
October 1980. The HEATING CALCULATED ON option was used with the NARR fields
updated at 3 hour intervals. The sea level atmospheric pressure field was directly used from these
fields. A revised sponge layer treatment at the open ocean boundary was considered. The
downward radiation and total heat flux were set to zero in the shallow water regions less than
10m in depth. A nudging of both salinity and temperature to specified climatological values was
used along the open ocean boundary. The Oregon State University Tidal Data Inversion, OTIS
Regional Tide Solutions (2010) harmonic constant set was used with 5% reduction in tidal
constituent amplitudes. River inflows were specified as previously discussed in Section 3.1. The
nineteen month simulation was completed in thirty eight segment of approximately 15 days
duration. Each segment required approximately 3.5 CPU hours on the NCEP-CCS using 256
processors with each segment restarted from the previous segment’s final fields.

In Tables 3.9-3.11 simulation segment results for water surface elevation and principal
component direction currents vertically integrated and at mid layer (k=10) are compared
respectively to harmonic predictions in terms of RMS error and Willmott et al. (1985) relative
error. In addition model and predicted means are compared with respect to station MLLW.

Time series comparisons for water levels and principal component currents are shown for the
following three two-month segments with results discussed in turn below.

April and May 1979: In Figures 3.27 and 3.31 simulated water levels at Port Chicago and
Coyote Creek are compared with tidal predictions. The simulated water levels are in close
agreement at Port Chicago and at Coyote Creek with RMSEs of order 10 and 15 cm,
respectively. In Figures 3.28 and 3.32 simulated water levels at Point Reyes near the offshore
boundary and at Richmond are evaluated with simulated water levels in close agreement with
predictions. There are no spikes in water levels using the revised sponge layer. In Figures 3.29
and 3.33 vertically integrated principal component current comparisons at C-1 at the Golden
Gate Bridge and at C-6 in mid-Bay are shown. Figures 3.30 and 3.34 show vertically integrated
principal component current comparisons at C-19 in San Pablo Bay and at CS-24 at the entrance
to Carquinez Strait.

December 1979 and January 1980: In Figures 3.35 and 3.39 simulated water levels at Port
Chicago and Coyote Creek are compared with tidal predictions. One notes the simulated water
levels are in close agreement at Port Chicago and at Coyote Creek with RMSEs of order 10 and
15 cm, respectively. In Figures 3.36 and 3.40 simulated segment water levels at Point Reyes near
the offshore boundary and at Richmond are considered with simulated water levels in close
agreement with predictions. One notes that there are no spikes in water levels using the revised
sponge layer. In Figures 3.37 and 3.41 vertically integrated principal component current
comparisons at C-1 at the Golden Gate Bridge and at C-6 in mid-Bay are shown, while in
Figures 3.38 and 3.42 vertically integrated principal component current comparisons at C-19 in
San Pablo Bay and at CS-24 at the entrance to Carquinez Strait are presented.
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September and October 1980: In Figures 3.43 and 3.47 simulated water levels at Port Chicago
and Coyote Creek are compared with tidal predictions. One notes the simulated water levels are
in close agreement at Port Chicago and at Coyote Creek with RMSEs of order 10 and 15 cm,
respectively. In Figures 3.44 and 3.48 simulated segment water levels at Point Reyes near the
offshore boundary and at Richmond are considered with simulated water levels in close
agreement with predictions. One notes that there are no spikes in water levels using the revised
sponge layer. In Figures 3.45 and 3.49 vertically integrated principal component current
comparisons at C-1 at the Golden Gate Bridge and at C-6 in mid-Bay are shown, while in
Figures 3.46 and 3.50 vertically integrated principal component current comparisons at C-19 in
San Pablo Bay and at CS-24 at the entrance to Carquinez Strait are presented.

In general, the water level RMS errors do not exceed 15 cm and are consistent from month to
month from Port Chicago in Suisun Bay through San Pablo and mid-Bay regions, as well as in
the offshore and southern regions of San Francisco Bay. Current amplitude RMS errors are
consistent from month to month and are generally less than 35 cm/s. The heat flux algorithm
generates no excessive temperatures and produces accurate seasonal heating and cooling.

While meteorological effects were not considered, we still compared the tidal simulation salinity
reponse versus observations and climatology. The salinity response is summarized in Table 3.12
and was overestimated in the northern portion of San Pablo Bay and throughout Suisun Bay, due
to the fact that the offsets were held constant and did not reflect the increased levels during the
high flow months. This in effect, limited the amount of freshwater entering the Bay through the
Delta. From the open ocean boundary into the Bay entrance, the salinity response was in
agreement with observations and climatology.

While no wind effects were included, the temperature response is summarized in Table 3.13 and

exhibited a normal seasonal response, but in October 1980 there was some evidence of
overheating by about 2 °C in Suisun Bay.
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Table 3.9. Water Surface Elevation Tidal Validation: April 1979-October 1980. For each row in
each month, the first entry corresponds to the first 15 days of the month, with the second entry
denoting the remaining portion of the month. Row 1 corresponds to the RMSE in cm. Row 2
corresponds to the Willmott Relative Error in percent. Row 3 corresponds to the model mean in
cm with row 4 denoting the predicted water level mean in cm.

Station Apr May Jun Jul Aug Sep Oct Nov Dec

Alameda 9 6 5 6 5 6 6 6 7 6 8 7 7 7 6 6 6 5
941-4750 (1 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0
101 101 (100 101 |102 104 |107 110 112 113 113 112 111 109 (108 108 (107 108
102 100 |98 99 100 102 104 107 109 109 109 108 |107 105 |104 105 [105 106

Dumbarton (13 11 9 10 10 10 |11 9 12 8 12 8 11 8 10 8 9 8
Bridge 1 1 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0
941-4509 (135 135 |134 135 |136 139 |142 144 (147 147 (148 146 [145 143 |142 142 |141 142
135 132|132 132|134 136 (139 141 [144 144 [144 143 [141 140 |139 139 140 141

Oyster 10 7 4 7 77 8 7 9 7 9 8 & 8 7 8 6 8
Pont (1 0 © O o O © o o o o o o o0 o o 0 o0
Marina 111 111 110 111 112 114|117 120 123 123 (123 122 (121 119 (118 118 (117 118
941-4392 |111 109 (108 108 (109 112 (115 117 (120 120 [120 119 [117 116 [115 115 115 116

Port 9 7 77 77 8 7 8 7 77 6 7 6 7 6 8
Chicago (1 O I 1 I 1 I 1 I 1 I 1 0 1 0 1 I 1
941-5144 (76 76 74 74 76 78 81 84 86 85 84 82 79 76 74 74 75 78
76 74 72 73 74 77 80 82 84 84 82 79 76 73 72 72 74 77

Point Reyes|7 4 4 4 4 4 5 4 6 3 5 3 5 3 4 4 4 5
941-5020 (1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
89 88 88 88 90 93 95 98 100 101 |102 101 |100 99 |98 98 98 98
88 86 86 86 88 90 93 96 99 100 |101 100 |99 98 97 97 97 97

San 7 4 4 4 4 5 4 5 5 5 5 5 5 5 4 5 3 5
Francisco [1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
941-4290 91 89 89 &9 90 93 96 99 101 102 |102 101 |100 99 |98 97 97 97
91 &9 88 88 89 92 94 97 99 100 100 99 197 96 95 95 95 97

Pier22.5 (8 5 4 5 4 5 5 5 6 5 6 5 5 5 4 5 4 4
941-4317 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
96 94 94 94 96 98 101 104 |106 107 |107 106 |104 103 102 101 |101 101
95 93 92 92 94 96 99 102 104 104 104 103 102 100 |99 99 100 101

San Mateo {10 8 6 7 7 7 8 6 9 6 9 6 5 6 7 6 7 5
Bridge (1 O ©0 O ©0 O ©0 O 0 O 0 o 0 o 0o 0 |0 o0
941-4458 |122 122 |121 121 (122 125 |128 130 |133 133 (134 133 |131 130 |128 128 |[128 128
121 119 (118 118 [119 122 |125 127 [130 130 [130 129 |127 126 |[125 125 |126 127

Coyote 17 20 |15 19 |17 19 17 16 17 14 16 14 16 15 |17 16 18 16
Creek 1 1 1 1 I 1 I 1 I 1 I 1 1 1 I 1 1 1
941-4575 (147 148 (146 148 (148 151 [154 156 [159 159 |160 158 |157 155 |154 154 |153 154
146 144 142 143 |144 147 |[150 152 [154 155 [155 154 [152 151 150 150 150 151

86



Table 3.9 (Cont.). Water Surface Elevation Tidal Validation April 1979 —October 1980. For each
row in each month, the first entry corresponds to the first 15 days of the month, with the second
entry denoting the remaining portion of the month. Row 1 corresponds to the RMSE in cm. Row
2 corresponds to the Willmott Relative Error in percent. Row 3 corresponds to the model mean
in cm with row 4 denoting the predicted water level mean in cm.

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct

Alameda 6 5 6 5 6 5 7 4 7 4 7 5 7 5 7 6 77 6 7
9414750 0 o0 © O o0 o0 0 o0 o o o o o o o o0 o 0o 0 o0
108 109 (109 108 (106 104 (102 101 |100 100 (98 105 (107 110 |112 113 (113 112 |110 110
108 109 |109 108 [106 104 [101 100 |98 99 100 102|104 107 [109 109 {109 108 |107 106

Dumbarton |9 10 9 9 10 9 11 8 12 8 13 8 11 9 9 10 8 11 7 11
Bridge 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 0 0 0 1

941-4509 142 143 (143 142 [141 138 |137 135 |134 134 133 139 (142 144 [146 147 |147 147 |144 144
142 143 |143 142 [140 137 (135 133 132 132 133 136 (139 141 [144 145 [144 143 |141 141

Opyster Point |7 8 7 8 7 6 &8 5 8 6 8 6 8 6 8 7 8 8 7 8
Marina o o0 o o o o © o o o0 o o0 o o o o0 0o 0 0 o0
941-4392 118 119 (119 118 (117 115 (113 111 |110 110 (108 115 (117 120 |122 123 |123 122 |120 120
118 118 |118 118 [116 113|111 109 |107 108 109 112 [114 117 [119 120 (120 119 |117 116

Port Chicago|7 8 6 8 6 7 6 7 77 77 8 7 8 7 77 7 6
941-5144 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
81 84 84 84 82 80 77 75 74 74 75 79 82 84 86 86 84 82 78 76
80 83 84 84 82 79 76 74 72 73 74 77 80 82 84 84 82 79 76 74

Point Reyes |3 6 4 6 4 5 5 5 5 4 6 4 4 4 4 4 4 5 4 5
9415020 |0 o o0 O |0 O o o o o o o0 o O o O o o0 0o o0
98 98 98 96 95 92 90 89 88 88 86 93 95 98 100 101 |102 101 {100 99
98 97 97 95 93 90 88 86 86 86 88 91 93 96 99 100 100 100 99 99

San 35 3 6 35 4 4 4 4 6 3 5 4 6 4 6 5 6 5
Francisco [0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
941-4290 |98 98 98 97 96 93 91 89 88 89 86 94 96 98 101 102 {102 101 {100 99
98 98 99 98 96 93 91 &9 88 88 89 92 94 97 99 100 100 99 97 96

Pier225 4 5 |4 6 4 S 5 4 5 4 6 4 5 4 |6 5 |6 5 |6 6
9414317 (0 o0 ©0 O o0 o0 0 o0 oo o oo o o o o o0 o 0 0 o0
103 102 (104 102 [101 98 97 95 94 94 91 99 100 104 (105 107 (107 106 |104 103
102 103|103 102 [100 98 95 93 92 92 94 96 99 102 104 105 [104 103 [102 101

San Mateo |6 7 77 7 6 8 5 9 5 9 6 8 6 7 7 6 8 6 9
Bridge 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
941-4458 129 129 (129 129 |127 125 (123 121 (121 121 |119 125 |128 130 |133 134 (133 133 |131 130
128 129 (129 128 [126 123 (121 119 |118 118 119 122 |125 127 130 131 [130 129 127 127

Coyote 17 18 (17 15 (17 14 |19 14 |21 15 22 15 20 15 |16 15 |14 16 |13 17
Creek 1 1 1 1 1 1 1 1 2 1 2 1 1 1 1 1 1 1 1 1
941-4575 154 155 (155 154 [153 151 |149 147 |146 147 |145 151 (154 156 [158 160 |159 159 |156 156
153 153 [153 153 |151 148 [145 144 [142 143 |144 147 [150 152 154 155 |[154 154 |152 151
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Table 3.10 Principal Flood Direction Vertically Integrated Current Speed Tidal Validation: April
1979-October 1980. For each row in each month, the first entry corresponds to the first 15 days
of the month, with the second entry denoting the remaining portion. Row 1 corresponds to the
RMSE in cm/s. Row 2 corresponds to the Willmott Relative Error in percent. Row 3 corresponds
to the model mean in cm/s. Note the predicted mean current speed is zero.

Station Apr 1979 | May 1979 | Sep 1980 | Oct 1980
C-1 30 35 32 33 27 39 27 38
GG 3 3 4 3 3 4 3 4
7 9 7 9 9 9 8 9
C-5 17 19 18 19 17 19 16 19
MB 4 4 4 4 4 4 4 4
-1 0 -10 0 0 1 1
C-17 15 16 13 16 16 14 14 14
MB 3 2 2 3 3 2 3 2
-2 -3 -2 -3 2 -2 2 -2
C-18 13 15 13 15 13 16 11 15
MB 2 2 1 1 1 2 1 2
4 3 3 3 2 3 2 3
C-19 11 10 10 10 10 8 9 8
MB 3 2 2 2 2 1 2 1
1 1 1 1 1 1 1 2
C-20 14 17 15 16 14 18 14 18
SPB 7 8 8 7 7 9 7 9
-1 -1 -1 -1 -1 -1 -1 -1
C-22 24 23 22 23 22 20 20 18
SPB 7 5 6 5 6 4 5 4
-3 -3 -2 -3 2 -2 -2 -2
C-23 4 4 4 4 4 4 4 4
SPB 2 1 11 1 1 1 1
1 0 1 0 1 0 0 0
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Table 3.10 (Cont.). Principal Flood Direction Vertically Integrated Current Speed Tidal
Validation April 1979 —October 1980. For each row in each month, the first entry corresponds to
the first 15 days of the month, with the second entry denoting the remaining portion. Row 1
corresponds to the RMSE in cm/s. Row 2 corresponds to the Willmott Relative Error in percent.
Row 3 corresponds to the model mean in cm/s. Note the predicted mean current speed is zero.

Station Apr 1979 | May 1979 | Sep 1980 | Oct 1980
C-24 14 19 16 18 15 23 13 22
CS 1 2 2 2 2 3 1 3
5 2 3 1 1 -1 0 -2
C-25 18 16 16 17 18 16 17 16
CS 4 2 3 2 3 2 3 2
-9 -6 -6 -5 -5 -3 -3 -1
C-26 15 16 14 16 13 18 11 18
SB 2 2 2 2 2 3 1 3
-8 -6 -6 -5 -5 -3 -3 -2
C-28 9 9 9 10 10 9 10 9
SB 7 6 7 7 &8 6 &8 6
0 0 0 0 0 0 0 0
C-29 11 11 10 12 10 13 8 13
SB 2 2 2 3 2 3 1 3
3 1 2 0 0 -1 -1 -2
C-30 15 13 13 14 17 16 17 15
SB 5 2 3 3 5 4 55
4 1 2 0 0 -2 -2 -3
C-31 8 10 8 10 7 10 7 11
SB 4 5 4 5 3 5 3 7
0 2 1 2 1 2 0 0
C-33 22 27 24 27 21 28 21 29
SB 13 15 14 15 11 16 11 16
0 -1 -1 -2 -3 4 -5 -6
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Table 3.11 Principal Current Direction Mid-Level Current Speed Tidal Validation: April 1979-
October 1980. For each row in each month, the first entry corresponds to the first 15 days of the
month, with the second entry denoting the remaining portion. Row 1 corresponds to the RMSE
in cm/s. Row 2 corresponds to the Willmott Relative Error in percent. Row 3 corresponds to the
model mean in cm/s. Note the predicted mean current speed is zero.

Station Apr 1979 | May 1979 | Sep 1980 | Oct 1980
C-1 44 51 48 49 39 52 38 51
GG 9 9 10 8 6 9 6 8
8 10 8 9 8 8 7 7
C-5 25 31 27 30 25 29 24 28
MB 10 11 11 12 10 11 9 10
11 12 11 11 10 10 9 7
C-17 14 14 14 13 12 13 9 13
MB 4 3 4 3 2 2 2 2
9 6 8 5 5 4 3 2
C-18 25 26 24 24 20 22 16 20
MB 5 4 5 4 3 3 2 3
16 15 15 13 11 12 11 10
C-19 9 11 10 11 8 10 7 10
MB 3 3 3 3 2 2 2 3
3 4 3 4 4 4 3 4
C-20 17 20 18 19 16 21 16 21
SPB 12 12 13 12 10 13 11 14
0 0 1 1 0 0 1 1
C-22 13 10 11 10 11 9 10 9
SPB 3 1 2 1 2 1 2 1
6 4 6 4 4 3 2 2
C-23 5 5 55 4 5 4 5
SPB 2 2 2 2 2 2 2 2
1 2 2 2 1 1 1 2
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Table 3.11 (Cont.). Principal Current Direction Mid-Level Current Speed Tidal Validation April
1979 —October 1980. For each row in each month, the first entry corresponds to the first 15 days
of the month, with the second entry denoting the remaining portion. Row 1 corresponds to the
RMSE in cm/s. Row 2 corresponds to the Willmott Relative Error in percent. Row 3 corresponds
to the model mean in cm/s. Note the predicted mean current speed is zero.

Station Apr 1979 | May 1979 | Sep 1980 | Oct 1980
C-24 30 38 35 36 29 39 25 36
CS 9 12 11 11 8 11 6 9
-10 -12 -12 -12 -11 -11 -9 -8
C-25 15 21 20 22 20 23 17 20
CS 3 5 6 6 6 7 5 5
6 11 12 13 14 14 11 10
C-26 15 19 16 19 14 22 14 22
SB 3 3 3 4 2 5 2 5
-4 -1 -1 1 1 3 2 3
C-28 9 10 9 11 10 9 10 10
SB 9 7 &8 9 10 7 10 8
0 1 1 1 1 2 2 2
C-29 12 14 13 15 11 16 10 17
SB 3 4 4 4 3 5 3 5
1 -1 0 -2 -3 4 -4 -5
C-30 11 11 11 12 13 15 13 15
SB 3 2 2 3 4 4 4 4
2 -1 0 -2 -3 -5 -5 -6
C-31 8 10 9 11 7 11 7 12
SB 4 6 5 6 3 6 4 8
1 3 2 3 3 3 2 2
C-33 24 30 26 29 24 32 25 33
SB 18 20 19 20 16 24 19 24
0 -2 -1 -2 -4 -7 -8 9
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Table 3.12 Salinity Tidal Simulation Validation: April 1979-October 1980. For each row in each
month, the first entry corresponds to the first 15 days of the month, with the second entry
denoting the remaining portion. Row 1 corresponds to the RMSE in PSU. Row 2 corresponds to
the Willmott Relative Error in percent. Row 3 corresponds to the model mean in PSU with row 4
denoting the observed salinity mean in PSU. Note n/a denotes not applicable.

Station Apr 1979 | Oct 1980
C-1 (406) 2 2 0 n/a
GG 39 48 22 n/a

30 30 32 32
31 32 32 n/a
C-5(25) 2 nl/a n/a n/a
MB 21 n/a n/a n/a
28 30 n/a n/a
28 n/a n/a n/a
C-17 (5) 2 nl/a n/a n/a
MB 12 n/a n/a n/a
25 26 n/a n/a
25 n/a n/a n/a
C-18 (15) 2 2 2 3

MB 15 19 37 47
22 23 29 30
22 25 27 26
C-19 (1) 2 n/a n/a n/a
MB 16 n/a n/a n/a
18 19 27 28
18 n/a n/a n/a

C-20 (1) n/a n/a n/a n/a
SPB n/a n/a n/a n/a
17 14 n/a n/a
n/a n/a n/a n/a
C-22(2) 3 nla n/a n/a
SPB 26 n/a n/a n/a

20 20 n/a n/a
22 n/a n/a n/a
C-23 (1) n/a n/a 5 8
SPB n/a n/a 81 94
12 14 26 28
n/a n/a 21 19
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Table 3.12 (Cont.). Salinity Tidal SimulationValidation April 1979-October 1980. For each row
in each month, the first entry corresponds to the first 15 days of the month, with the second entry
denoting the remaining portion. Row 1 corresponds to the RMSE in PSU. Row 2 corresponds to
the Willmott Relative Error in percent. Row 3 corresponds to the model mean in PSU with row 4
denoting the observed salinity mean in PSU. Note n/a denotes not applicable.

Station Apr 1979 | Oct 1980
C-24 (17,12) |5 5 4 n/a
CS 44 41 42 n/a
7 10 24 27
11 14 19 n/a
C-25(8) 4 5 n/a n/a
CS 33 33 n/a n/a
3 6 n/a n/a
7 10 n/a n/a
C-26 (2) n/a n/a n/a 13
SB n/a n/a n/a 68
23 18 23
n/a n/a n/a 13
C-28 (1) n/a 3 n/a n/a
SB n/a 57 n/a n/a
1 0 n/a n/a
n/a 3 n/a n/a
C-29 (2) nfa 3 n/a n/a
SB n/a 56 n/a n/a
0 0 n/a n/a
n/a 3 n/a n/a
C-30(2) n/a 6 n/a n/a
SB n/a 58 n/a n/a
0 0 n/a n/a
n/a 5 n/a n/a
C-31(1) n/a 2 n/a n/a
SB n/a 54 n/a n/a
0 0 n/a n/a
n/a 2 n/a n/a
C-33(2) n/a 0 n/a n/a
SB n/a 56 n/a n/a
0 0 n/a n/a
n/a 0 n/a n/a
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Table 3.13 Temperature Tidal Simulation Validation: April 1979- October 1980. For each row in
each month, the first entry corresponds to the first 15 days of the month, with the second entry
denoting the remaining portion. Row 1 corresponds to the RMSE in °C. Row 2 corresponds to
the Willmott Relative Error in percent. Row 3 corresponds to the model mean in °C with row 4
denoting the observed temperature mean in °C. Note n/a denotes not applicable.

Station Apr 1979 | Oct 1980
C-1 (406) 1 2 2 n/a
GG 68 69 69 n/a

13 14 17 17
12 11 15 n/a

C-5(25) 1 n/a n/a n/a
MB 49 n/a n/a n/a
13 14 n/a n/a
13 n/a n/a n/a
C-17 (5) 0 n/a n/a n/a
MB 26 n/a n/a n/a

13 14 n/a n/a
13 n/a n/a n/a
C-18 (15) 1 1 1 2
MB 41 51 41 73
14 15 19 18
14 14 18 16
C-19 (1) 0 n/a 1 n/a
MB 41 n/a 31 n/a
14 15 19 19
14 n/a 19 n/a

C-20 (1) 4 n/a n/a n/a
SPB 59 n/a n/a n/a
13 13 n/a n/a
17 n/a n/a n/a
C-22(2) 0 n/a n/a n/a
SPB 22 n/a n/a n/a

14 15 19 18
13 n/a n/a n/a
C-23(1) n/a n/a 1 3
SPB n/a n/a 50 91
15 16 20 19
n/a n/a 19 17
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Table 3.13 (Cont.). Temperature Tidal Simulation Validation April 1979—October 1980. For
each row in each month, the first entry corresponds to the first 15 days of the month, with the
second entry denoting the remaining portion. Row 1 corresponds to the RMSE in °C. Row 2
corresponds to the Willmott Relative Error in percent. Row 3 corresponds to the model mean in
°C with row 4 denoting the observed temperature mean in °C. Bold italics indicate measurement
errors and their associated model discrepancies. Note n/a denotes not applicable.

Station Apr 1979 | Oct 1980
C-24(17,12) |1 1 1 n/a
CS 49 76 68 n/a

15 17 20 19
15 15 19 n/a
C-25(8) 1 2 n/a n/a
CS 77 83 n/a n/a
16 17 n/a n/a
15 15 n/a n/a

C-26 (2) 2 2 na 3
SB 80 83 n/a 93
16 18 21 20
15 15 n/a 16
C-28 (1) n/a 2 n/a n/a
SB n/a 62 n/a n/a

16 18 n/a n/a
n/a 16 n/a n/a

C-29 (2) n/a 2 n/a n/a
SB n/a 64 n/a n/a
16 18 n/a n/a
n/a 16 n/a n/a
C-30 (2) n/a 2 n/a n/a
SB n/a 66 n/a n/a
16 18 n/a n/a
n/a 16 n/a n/a
C-31(1) n/a 2 n/a n/a
SB n/a 63 n/a n/a
17 18 n/a n/a
n/a 16 n/a n/a
C-33(2) n/a 2 n/a n/a
SB n/a 58 n/a n/a

17 18 n/a n/a
n/a 16 n/a n/a
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Figure 3.27. April 1-15, 1979 Tidal Simulation: Coyote Creek and Port Chicago Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.28. April 1-15, 1979 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.29. April 1-15, 1979 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal
Current Component Comparison. Note IND AGRMT equals one minus Willmott et al. (1985)

relative error.
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Figure 3.30. April 1-15, 1979 Tidal Simulation: C-19 and C-24 Vertically Integrated Principal
Current Component Comparison. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.31. May 15-31, 1979 Tidal Simulation: Coyote Creek and Port Chicago Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.32. May 15-31, 1979 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.33. May 15-31, 1979 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal

Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.34. May 15-31, 1979 Tidal Simulation: C-19 and C-24 Vertically Integrated Principal
Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.35. December 1-15, 1979 Tidal Simulation: Coyote Creek and Port Chicago Water
Level Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.36. December 1-15, 1979 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.37. December 1-15, 1979 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal

Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.38. December 1-15, 1979 Tidal Simulation: C-19 and C-24 Vertically Integrated
Principal Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al.

(1985) relative error.
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Figure 3.39. January 15-31, 1980 Tidal Simulation: Coyote Creek and Port Chicago Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.40. January 15-31, 1980 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.41. January 15-31, 1980 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal
Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)

relative error.
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Figure 3.42. January 15-31, 1980 Tidal Simulation: C-19 and C-24 Vertically Integrated

Principal Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al.
(1985) relative error.
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Figure 3.43. September 1-15, 1980 Tidal Simulation: Coyote Creek and Port Chicago Water
Level Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.44. September 1-15, 1980 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.45. September 1-15, 1980 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal
Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)
relative error.
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Figure 3.46. September 1-15, 1980 Tidal Simulation: C-19 and C-24 Vertically Integrated
Principal Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al.
(1985) relative error.
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Figure 3.47. October 15-31, 1980 Tidal Simulation: Coyote Creek and Port Chicago Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.48. October 15-31, 1980 Tidal Simulation: Point Reyes and Richmond Water Level
Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985) relative error.
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Figure 3.49. October 15-31, 1980 Tidal Simulation: C-1 and C-6 Vertically Integrated Principal
Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al. (1985)

relative error.
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Figure 3.50. October 15-31, 1980 Tidal Simulation: C-19 and C-24 Vertically Integrated
Principal Current Component Comparisons. Note IND AGRMT equals one minus Willmott et al.
(1985) relative error.
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3.6 Summary and Discussion

Work was presented for the initial April 1-15, 1979 simulation, which used the 6 hour NARR
heat flux fields with no reduction in shallow water. The water surface response at Port Chicago
was over predicted resulting in an RMS error of order 20 cm using the Delta flow boundary
condition. In addition, a water level spike near Julian Day 96 was excited from the reflection at
the open boundary.

During the April-May 1979 and September-October 1980 tidal simulations, the use of the 3 hour
NARR fields with a reduction of the heat fluxes in shallow water did not produce an adverse
impact on seasonal heating and cooling. However with the Delta flow boundary condition the
water level response at Port Chicago was not improved. A revised sponge layer treatment at the
open ocean boundary eliminated the water level spike near Julian Day 96 and no subsequent
spikes were generated.

Additional experiments over the period 1-15 April 1979 in which the bottom friction above
Carquinez Strait was increased exhibited some improvement, but the errors were above the 15
cm NOS error target. Utilizing the tidal stage boundary conditions at the Delta inflow locations
(with a 22 cm water level offset at Rio Vista on the Sacramento River and a 20 cm water level
offset at Antioch on the San Joaquin River) the water level response at Port Chicago was in close
agreement with tidal predictions with an RMS error under 10 cm.

As a result, this Delta stage boundary condition and set of water level offsets were used for an
extended 19-month simulation from April 1979 through October 1980. For this extended
simulation a nudging to climatological salinity and temperature was used for the offshore
boundary condition. Water level RMS errors were consistent from month to month and were
below 15 cm at the majority of the stations. Principal component current strengths were in close
agreement with predictions with RMS errors less than 35 cm/s at the majority of the stations.

Despite the inclusion of the meteorological effects, the salinity was overestimated in the northern
portion of San Pablo Bay and throughout Suisun Bay. Due to the fact that the offsets were held
constant and did not reflect the increased levels during the high flow months, the amount of
freshwater entering the Bay through the Delta was limited.

The temperature response exhibited a normal seasonal response, but at the end of the simulation

in October 1980 there was some evidence of overheating by about 2 °C in the shallow water
areas in Suisun Bay even with the inclusion of the surface wind forcings.
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4. HINDCAST VALIDATION

Here, we first present in Section 4.1, the results of the two-month hindcast for April — May 1979.
In Section 4.2, the results of the September — October 1980 hindcast are discussed. The intent is
to consider two different tidal and heating/cooling regimes. These two hindcasts were completed
prior to the improved Delta stage boundary condition and thus used the Delta flow specification.
Using the improved Delta stage boundary condition, an extended 19-month simulation was
performed over the period April 1979 — October 1980 with the results presented in Section 4.3.

It should be noted that the NARR three-hourly winds and sea level atmospheric pressure fields
are interpolated to the model grid and used to provide the surface forcings. In addition, three-
hourly NARR downward short wave radiation, relative humidity, and air temperature fields are
used to calculate the surface heat fluxes. A reduction of the fluxes to zero is used for all stilled
water depths less than 10m. It should be noted that in Sections 4.1 and 4.2 comparisons of the
NARR winds and atmospheric pressure are made at San Francisco International Airport. In
general RMS wind speed errors are less than 5 m/s with direction RMS errors of order 50
degrees. For sea level atmospheric pressure, the RMS errors are near 2 mb. The water level
residual at Point Reyes is small relative to the tidal amplitude and is less than 20 cm. River
inflow from the Delta into San Francisco Bay ranged from 30,000 to 40,000 cfs.

Finally, in Section 4.4, we summarize results and discuss additional considerations with respect
to the simulation of the combined river inflow, meteorological forcing, and tidal dynamics.

4.1 April — May 1979 Simulation

Results are presented in 15 day increments in Table 4..1 for water surface elevation, in Table 4.2
and 4.3 for current speed and direction, in Table 4.4 for salinity, and in Table 4.5 for
temperature. The NARR atmospheric forcings are compared with meteorological data at San
Francisco International Airport in Table 4.6 for wind speed, wind direction and sea level
atmospheric pressure. Note the observed winds have not been corrected to 10 m and are stronger
than the